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(54) CERAMIC CIRCUIT BOARD WITH HEAT SINK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ceramic 
circuit board with a heat sink having a long heat 
cycle life. 

SOLUTION: First and second aluminum plates 1 1 
and 1 2 are laminated and adhered to both surfaces 
of a ceramic board 13 via Al— Si brazing material, and 
a heat sink 14 formed by AlSiC compound material 
is laminated and adhered to the surface of the first 
aluminum plate 11. The ceramic board 13 is formed 
by AIN, Si3N4, or AI203. Also, Al purity of Al alloy in 
the heat sink 14 is 80-95wt.% or Al purity of the 
second aluminum plate 12 is 99.98wt.% or higher, and 
the heat sink 14 is laminated and adhered to the 
first aluminum plate 1 1 via Al alloy in the heat sink 
14. 
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(54) fc-h*>*ttfe93y*H»a« 

(57) [gjfi] 

*isi»»K*fi«-r«o 

DWtt^S] -fe^^afil 1 -S iX 

55*t*^LTail»tBB27;l/5-5rA*l 1. 12 

^n^PtawBSsistu a i s i c 

JBrt* fife fc- hi/yfr 1 4 tf»l7/l/5:i*ZUfil l 

(Dimicmm&mznzo -tr^^ssi 3 it a \ 

N. S isNiXttA l 203teJ:D#J**ti* o *ftfe- 
1 4 t£<9A I &&<Dk 1 £fijgtf 8 0-9 5Sfi 
%^*D*oSi7/l/5-*A*l 1 X(iS!2 7/l/^- 
*ASl 20A I«*tf9 9. 9 8M%ti±T*fet> 

Is 43^*1 7;l/5-»>A«i it: t- 

Yt/y* 1 4*OA l^^lT««?tl5 0 



JO. 



10 t- h i y?EIB£& 

11 ^l^l/i-^Afe 

12 #27^-* A« 
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[«*B13 -tr^>y ^S|g(i3)k, 
HutB-b5^y^StR(l3)<OS5ffitA l-S i^53K 

^LT^n^ttawaaistifc* i wf»2 7/U5-* 

^£(11.12.31.32. 51. 52)£* 
A 1 S i C3ga^tt8fc*t)»BR«n«9S3»lXtt^2 
12,31 .32.51 .52) OgIifc?BHS» 
^n/ct:-h^>^(i4)h^ffi^rct:~hS/>^f^^ 

[H*^2] -fe7 5y*i«(13)tfAlN, SisN* 
XliA lz03fcJ:t)}g««nrcW*Ili5K<Dt-l-> 

&»8 0-9 5fia%?£9frO|(flet:— h^V^M) 

^«H^^n^ix^27;i/^^^A«(n.i2) 

©A1«S^9 9. 9 8li%tt±^-3t> 

ME fc - h y >? (1 4) BufEIg 1 Rim Z7)\s^-VK 

S(ll,12)tctufBk~-h^>^(14)*OA 1 -S&fcftL 

Taa»»2nfc»#R i xtt 2EKok- h-»*f* 

[W*^4] fc-t-»^(I4)»t»CDA l^A 1 |$ 
ffitf 8 0-9 5««%"efeO^OBuiet-h-»»(14) 
A^Wi»»^tl«S 1 X££2 7;I/ = ~^Affi(31 ,32) 
OA 1 ffig#9 9. 9 8ll%6U:t*»oT, 
«>Et-h^>*(l4)*^aEaiXtt*2 7;l/5-»>A 
«(31.32)fctnBk-hS/>*(14)fttrt(MEa 1 XttJB 
27*5-9^«(3l.3?)J:OiW0WK^A 1 -S i& 

53#*^LTawtt»«nfciwa 1 xa ztm<ot 
[ii*S5] n-hs/>*04)6^swa»^nssi 

XttS2 7;l/5-*A|R(51.52)<DA 1£M#9 9. 9 
8lI%«±T^oT, 

ME k - h > ^ (1 4) #MiES 1 XliM 2 7;l/ = - tf A 

(si . 52) ic izwi (56) l xmm&m s ntcmxm 

lXtt2lHttOt-hS/>^-fe55y*IllBSffio 
[000 1] 

[0002] 

T\ H5fcSVTJ:3fc:* -fe^=l>y*gffi3tf A 1 Ntcj: 
2ME1. 2«m«*2tU A 1 S i C 



9X'lt. Mlfttfa2flttEl. 2<D-b757^ifi3^ 

1 S1& l <D±Je-fc: 5 3L>y 3 &t>if§ 
2«K2*Mfcft«»^ cne>lc£5l0. 5-2 kg 

f/cm^M, N2#I^tM 0 6 5-1 0 7 51C 
(««DBC (Direct Bond Copper) jfetCfcDfrfe 

ti> S2fflfi2(ixy^>^{cJ;t)^<0^^->cD|sI 
Sgk&£o ca&fcfc-hS/^Stf&iafcifcttA, 

Si2«fi2, t557>fflfi3, a 1 «« 1 2KfliA,£ 
6*^LTl:-h^^80«B*6fl««ti*J:5fc 

[0 003] 

*55y*a«klBlRff*2a«kOJ!!W3^a 
D , froa 1 Rff JB 2 a«OSJBatSA^Jt« 

[000 4] 

BlfcSVrJ:3fc:* -fe^^Sfil 3k, t7^7^ 
SKI 3 0BIICA l-S l3R53#*^LT*tl*n 

«»«»?nrcSi&t;s2 7;i/5-'>AtEi 1.12 
a 1 s i cjRa^*mtj:9»j«*ti»ixtta2 

7;^-^fin, 1 2 0«ffifcaH8»«ttfcfc-- 

mwczhZo c<om^m 1 tc&£[Hj£gg|gT*fi. a 1 & 

tfSg2 7/l/^-*>A«l 1. 1 2*mE*oa«l:Jt'<T 

#ftif\, $rcb-h-»^ 1 4 i:LTafi»»©atv>A 
1 s i c3Ra#wB*air*©T, ft«»tttffRi±-r 

[0 0 0 5] »*B2K««»Wtt. 

40 3tfAlN, S i 3 N4X« A \zOz\Z& *)mf&ZtltcC 

=7^v>7Wfo \ 3 t LT A 1 NSrffll/^klfte»*Stf 
HfMt#ft±U S isN4«fflt^S2:aKftCfatttttf 
|p]±U A 1 20 3 *ffli/^i:Bj»tt*^±*r«o 
[0 0 0 6] »*B3Jcl««»Wtt, a«3SlX«4 2tcl 
SS%WT*feoT, BcBili:St«fc5lc, k-hi/> 
^ 1 4*C7)A 1 a4^A 1 fcfijStf 8 0-9 5S«%T* 

o^ob-hs/y^ 1 4 3b'«a»asn5ai7;i/^r: 

*A&1 lX(^2 7;^--)Affil 2 CO A l«S^9 
so 9. 9 8H%tt±t*oT, k-hS/>^ 1 4*<Sl 
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7/l/5->7ASl lXfiSSI2 7/l/5-'>ASl 2tCfc- 
hS/S^l 4*0 A l^A*^LTaJi«»StlfeCi: 

tJ^i/u^ffl^-ftt-HS/v^ i 4 £r!g 17/1/5- 

^asi ix^2 7/i/5-^A^i 2tas»»-e* 
sot. raxikftMttTts. 

[0 0 0 7] MdH4lCftSftV]tiU M#HlXtt2l<: 

* 1 4*<DA l^A 1 £6^8 0-9 5««%T?fc 

■>AS3 lX(;J:?g2 7/l/5- , >AS3 2 0A 1 JfiStf 9 
9. 9 8Sft%JX±T*feoT> fc-hv^ 1 4tf|gl 
7/1/5-* AS 3 1 3mH2 7/l/5- f 7AS3 2£fc- 
hP>4r 1 4Rtf&l 7/l/5-*>AS3 1X«»2 7;1/ 
5-l>A«3 2A0HWitffi^A 1 -S i3S5 3*t*^ 

GSSIelSSgST-Ji, t-h-»^l 4*0) A 1 ^(DA 
l«ft#Jt«ttffi<Tfe. k-hi/^i4*Si7;I/ 
5-<>AS3 lX«S27/l/5-^A«3 2(CjtlSW§ 
AtC8Wtt*7«««o Sftfe-hS/>*l 4*60 A l-ft 20 
&C0A 1 «fi*Ufc«»ffi^fc«>, k-hS/V* 1 4« 
JgffitrEtfA 1 IW0»^«£*:Jt«LT*t < 4**, 

fafot&m*zt%i£^&tnm^^<DT\ cons 
£ * ^ y ^ ima^r s c t \t » if 4 t \> 

[0008] M^sicffftSHItt* IWWiXtt2fc 

2 1 4tf«jf&;f2ttsmi 7/l/5-*AS5 lXtt* 
2 7/l/5-?AS5 2<DA ljsfijgtf 9 9. 9 8fiS%« 
±T*^T, H-hS/y^ 1 -itfSl 7/V5-^AS5 so 
lXtt£2 7/l/5-*A«5 2fcfci:AJ£5 6^LT« 

£§»ST-fi. K-hi/V9 1 4£fgl7/l/5-'>AS5 
1 X&m2 7/l/5-*AS5 2fcJt«fl«Ba-e«ifc:« 

JfJ&TCSrSo 
[0009] 

(a) ^ 1 M^2 7;R- t >ASO-fe7^7^ SS'no 

»t 40 

!gl&tf!g2 7/l/5-<>AS&A I*fi*#9 9. 9 8S 
a%0±OJS«fiOA lft£fc*D#*Stl. -fc^5>y 
tmmtA 1 N, S isN4X«A 1 2 03lcJ:DJgjfi*n 

So Hifc^fAdfc:, -t^5^gsi 3o^micm 

lRtf!g2 7/l/5-£ASl 1, 1 2^5ajijg»^Stc 
tt, 7/I/5-^ASl 1 tO±KA 1 -S i 

(BHHrtD . t75y*Sil 3, Al-S \ 
Vi (0^1*) Rt/312 7/1/5-^ASl 2*Bfcfc« 
8IT% cn&fcffifiO. 5-5 k g f /cm 2 £j!m;U 
M£*T*6 0 0-6 3 O'CtCftD&f S title <fc DfT^tt so 



So mm&Wik. 31 2 7/1/5-^ AS 1 2liX7f>? 
ffilCcfc0^^^~>O(HlgSt4So A 1 — S i ^S 
5Wi90~9 5ffl%(OA I £ 5- 1 0li%(DS i 

[0 0 10] (b) t-hz/>2 
t-hf>2 1 4 (iS i CO«Mcfi80«K**j!iPELfttt 

mr\ c<Dffi&m<Dmmic a i ^^smitrc t ic& *> 

Jg^nSo COAl^©AlJSfitt8 0-9 5ii 
%fc3BlRtfS2 7/l/5-*A«l l. 1 2<0A 1 1$* 
£0fg<, ^£2 0-5gft%OS iRtf0-5M 
%OMgXfiCu£#t? 0 Sfcfc-hi/:/* i 4^A 
1 ^0&Aft3£86Sti 5 6 0-600 "CTfeSo 4 
fc, t-hv^^cOA l^OfflricflJ^LTtt, A I 
-20ii%S i~4li%Mg, A1-7H%S 
i. Al-4fi%Cu, Al-12li%Sim 

So 

[ooi i] (c) t-YisytvmxTfr^-^hmr- 

t-he/y^ l 4to±tc|gi 7/1/5-^ASi 1*T« 
lcLfc-fe^5^Si 3 fc*Msu cne>tc^S0. 5 
— 5kg f /crn 2 £jta*. K£*T5 7 0 — 6 1 0V 
lci]nmt%CtlC£t), t-his>5 1 4^A 1 
tfmMLTK-bi/ytl 4tflfn7/l/5-£A«l l 

[0 0 12] 02«*5!WO^2O*SSO^^*ro 

b 2 t^^ra i tra— w^«ip|-»a^*ro 

fa(D&mT*l*, \L—Y^y>7Z 4^A 1 £^<OA I a 
0-9 5SS%T*&tK ^OCOt- ^>>^3 
4 #8UH£i£nS£l 1 7/1/5-^ AS3 1 CO A 1 
#9 9. 9 8li%W±T^ot, t-h->>^3 4^ 
^ 1 7/1/5 — AS 3UCt-h z/y 2 3 4 1 7 

/l/5-*>AS3 l^^H^ffil^A 1 -S 
(H5^:-f) «^LT«W»a*n«o £tc%2 7/1/5 
-«>AS3 2tt»l 7/l/5-»>AS3 1 i:0-tf»fc:«fc 
D?gJ5g^n, miRlf^2 7/l/5-»>A«3 1. 3 2 0 
■fe55 y^SSl 3-\cO®«^S(i±feA 1 -S i &3 

^waDwn^o h->y^3 4*coa i**tt 

8 0-9 5Sfi%OA 1 t 2 0-5Sffl%cOS i 

COA !^<0}S«ia*|EHtt5 6 0-6 0 0'C7? 
feSo $fc^ lRtfS? 2 7/1/5-^7 AS3 1, 32(i9 

9. 9 8sa%ix±^A i »^tt6 6 om 

So M^CA 1 -S i 3g5 5t*tt8 7-8 4ii%(7)A I 
t 11-13. 5Sfl%<DS i***, C<D55*tOJS 
ffi&&toW&5 3 0-5 7 0°CT*feS o 
[0 0 13] CO[ElSSSS3 0^ia3gf Stcte, Jt-ft: 
-hi/>^3 4CO±{CA 1-S i^S^W, » 17/1/5 
-*>AS3 1 s AI-SiS5^, -fe^5^SSl 
3. A 1 -S i ^5 9 ^1/^2 7/1/5-^ AS 3 2^: 



5 



(4) 



#Bfl¥ 10-6 5 0 7 5 

6 



«ta*o #tfCC*l5fc?5B0. 5~5kgf/cm 2 £ 
J)Q*. K£*T*5 5 0-5 7 OtlchmtZo Cttfccfc 
DAI — SI 3 5*ttfiSI»LTk-b^;/*3 4tf?gl 
7;l/3-^«3 i«c8W»»sn*o WclB2 7;V5 

g§£&3 0 ftte* tl-hi/y^<0±(CA 1 ~S i&3? 
£27;I/$x£Afi£»taTt>J:<, CO«*fc 

[ o o i 4 ] b 3 3 comm^Bm^to « 

t-h^y^ 1 4*0 a 1 d#oa 1 mmtftimfez 
n%^t)\ mimimzTfo^-puWiS 1. 520A 

1*WB49 9. 9 8tl%KJ:T^o SfettA,«5 6 
&5~6 0SS%OPb£9 5-4 03S%<DSn£4) 
£&T*fe£ 0 = 3 0ISffifc:fglRtfa2 

7;l/$-W«5l, 5 2 Jfrfgj 

1 7;V^-^Affi5 l£>±tCA 1 - S i!55# (0^ 20 
-tf-f) . t7^7»lfil 3. A 1 -S i£3 5M (B 

RtfJB2 7;l/^x«>AtE5 2*atofc««-e, 
CftSlcffiffiO. 5-5kgf/cm z ^M, 
?6 0 0--6 3 0 a Cfc:JralKi*rscfcfc:J:0fi : totiSo ffl 

[0 0 15] WcmiTfrz.-VL.ms \RXfK-bi/ 
y>7 1 4 0S^ffitc^n ; fnN i 46o££fiS*r<> Mfck 
1 4 0±fc«A,J£5 6i:£l 7;i/^x«>Affi 
5 1 £T»c Lfc-fe^S >y ^St£ l 3 fc*fitarc«ffi 30 
T\ N2*XRtfH2»X<Dig^/fX»H**T?2 2 0- 
3 5 0°C(cAD^-r^Ch{CJ:t)> k-J-»*l 4tfMI 
1 7;l/^x«j7A^5 1 lC»Jf&S£ft3 0 ftfe, m 1 7 
;l/^-^A«£x^y^£k:£ Dffi^v**-><oisi 
Ki:U fc-h*»*0±fctt/u«IS*^LT*l7;l/ 

[00 16] 

<hmu 1 >b 1 icst- * r> \c m. ffiRxfmzttzti 40 

fft6 0mm, 4 0mmW0. 6 3 5 mm<Q A 1 NIC 

3^**1^*16 Omm. 4 0mm&tf0. 4 mm^A I ^ 
ftte*0»rt«tlfcSBlRtf»2 7;P5-9A«l 1. 

1 2£, «Ktf»*tf*n€ft8 0inm, 6 0mm 
Rtf2. OmmOA 1 S i C3S«£#»*C <fc 9«J«*tt 
fcH— H3/>^ 1 4fc, JB % «Rtfff 6 0 
mm. 4 0mmM0. 0 3 mm<DA 1 - S i &3 5 

(WW) ££ffijicLfto £1 RtfSB2 7/l/5x»>A 
fill, 1 2<QA 1 fcEjg{ikt>lC9 9. 99Sft%T*& so 



t-h^l 4*<OA l^4ti8 8li%A I- 

1 2gffi%S i£&T*fc!>, A 1 -S i£35fttiA 1 
-7. 5SS%S i£&T'feofc 0 Sftk-hS/y*! 

4 fyQA 1 ££0^j»rSJt§SHte 5 6 0-6 0 0°CT*fc 

[0 0 17] ftfil7;^-Wfil \<D±lCA 1- 

5 i&3?#. -fe7 5y*®Kl 3. A I -S i £35 
#fttf£27;l/5x*Afii 2*«feft«MlT, cne 
lC^fM2 kg f/cm 2 **D?U K3S+T*6 3 OttCiP 

mtzc tic&L *7 3.y*mwi\ 3ons»cAi& 

^27;R^-)A«1 1, 1 2*WB««Lfeo SUB 
S27;l/^«)Afil 2«x^>ysicj:D 
BfS©/<*-VOHBt:Lfc 0 JMck— 1 4 0 

l3££Sfcu cft£tc£rS2 kg f/cm z m 
s^*T5 8 oicfctafci/ck-hso/* 1 4*35 1 7 

[0 0 18] <Jt«« 1>H 4 Jc^-TJ: 5 Hffiffl 1 

*nte«b5^y^»«3i:. JWflfil 1 OS 1 fttf » 2 7 
;l/5-^A|gfcffBRp>*©j|!iRtf!B2«El f 2£, 

rt*tifck-hs/;/*4fc. & «Rtf»*tf*n^n 

5 0mm, 3 0mmW0. 1 mmOliA/g 6 £*J8* 
Lfco *1TBiiHgio±fc:-b55y*«E3atflB2 
WtE2*«laft*Hi^ cn^icMSO. 5kgf/c 
m 2 £iDx.. N2#Hf[4nM 0 6 SttCiO&'TSD B C 
iSElcJ:D,Siatfa2a«i, 2**^3y*S«3 
fcWfSMLfco »2»«2*xy^>*fcJ:t>Br£<E> 

/^-xoHBfcurco *fct-hs/>*4o±fc^ 

« 6 as 1 mm 1 ^Tffllti: Lft-fe5 ^ v *Mfo 3 fc 

2 5 0 ^(CiD^LT k- h 4 ^ 1 ^ffi 1 

[0 0 19] <tt«ffl2>B5£5Vr<fc3fc:, k— 
>^7^A 1 S i C3Ht#*mtJ:!)»*U k-hS^ 

7 m/£6*ftLT» 1 ^« 1 icmm&mtzm 

ICk-h-»^7 0»»ffifc:N i ^o^^fflb/cc:^^ 
ty^vt 9 ^rit^WJ 2 k Lfco 

[0020] <jt«tti&ffw«>*«i«i 1 , tarn 1 

atfJt««2i0lHlK»tRO5!). DMSttRff-b^Sy* 

x ^ ? v 9 * ^n^nsy^ l ft. 

awiK Jt««iiar;jtK«iJ2 0k-hs/>^coTffi 

OE0«3*7C»JS8T-*ti^niB!J^Lfto C£0k^<7) 



(5) 



ftUW 1 0-6507 5 



imm2<Dmfo<D±MUC, 2 OmmX l 5mm« 

1 1 x JtKffl 1 Rtf ttlMfO 2 0BBSKlc$J»ffi«K 
tCT- 5 5 X~SrS~ 1 5 0 1£ 1 1M ^Ufc LT 

<M 1 0 0 0 Httlta bfc&£8&#* 3 0 WT'fg 

1 0 0 OB&Qft&ft) fcWfcUfc, 
[0021] 5 y ?X»7-y?g>igl£ 



t , Jt«0fl 1 Rt>*JtK01J 2 <0^ 5 y tm&±<D% 1 R 

2 icMt 3 -b 5 5 7 * tt£ lc * 7 7 * £ 
l^*«S»Oft«©«*k, Jttt0J 1 RtfJtttW 2 <DBfc£ 

[002 2] 
[Si] 













1000©% 




10000% 




3 0 


1. 2 


1. 2 


a 


0 




4 5 


1. 4 


2. 5 


0 


1 0 0 


ifc«flI2 


3 0 


1. 3 


1. 4 


0 


1 0 0 



[0 0 2 3] *lfr&IH&frftJ:3K:. 1 RtfJt 

fcWcttU it«fJlT^it-hS/>^<DKD^fifi«I 
lRtfJ*»0j2<Dl. 5f&fc*t<&oTVfc 0 £fcH 

ttffii i rHmm^^jmm^m&mciiLx^m^ 
t)i i o o Q®&<Dmm#mtL%fr^rc(Dicttu 

8 %m± u ittaw 2 TttjgAu-Y 1000 iiift© 

l»fitttffi 7 . 7 %it*Lfc. £££gffi0y 1 T-fcHz^ * 
y*X^7y*tfiaS*^^ 1 0 0 Olsia^oTfc 

y^x^^y ^iaa-9--r^;n 0 0 o@att,jc 1 0 

[0 0 2 4] 

7^y*fflK©ififfiK:A i -S i^3 5»*^USl 
Rtf»2 7;l/^r:»>Afi%*n^tl«Ui«»L. A 1 S 
i C3R*^*t»fcJ:9«j«*nftk-h^>**IBlX 

ra»«tt<D/|xst>» 1 atf?B2 T^^-^AStf*^ 

i:LT«ie»*oat>A 1 S i C3RH*#»*fflt^ftO so 



n, s i 3 N4x«iA 1 zOstckOfBdc-rntf. ^e*^ 

0-9 5«*%TfcDfrOfUXtt*2 7/l/3-*A« 
0A1«*#9 9. 9 8ii%tt±^$ot, t-h^ 

[0 0 2 5] Sfcfc— hS/V^flDA 1-g^CDA 1 IfcB 
^8 0-9 5H%T*fe!) 1 X«3S 2 7;^-*) 
Affi^A 1 fcfiStf 9 9. 9 8H%Kl«t)T, 

h-»^*SlXttS2 7;l/5-^A«»Ck-hS/>^ 

Rtf*iXtt»2 7yl/^-^A«±9HWS[*«fit>A 1- 

S i«5 9#*^UTa»»4W-ntf, 

OA l^OA l«^Jt«!Wfi<Tfe. M—Yi/yi? 

*SlXtt»27;V5-^Afi»cit«W8Sfc:»H«» 

T*t£ 0 Sfcfc-h^y^*OA i^OA 1 ig^tt 

KflMBf>tea6, ti-h^V^O^Stn:^ A 1 tmoft 

(i^if^t>o ^/c^ 1 a^2 7;l/^^i^A«co-t^^ 
«31I»*ffi«-e** 0 Sk:aiXttS2 7;l/5r:^A 




5 mm 1 XteSS 2 7/1/ ^ Affile \th,i£*ft L T 

m i ] *awoig i mmmmRxsmmm \<dm-yi/ 

[02] *»WOJB2©|gJBg«*^H l Icft/SlT £ 

[03] **M«Sg3 0^JIBB!B*^H l lexers 
®tE0 o 




«fB8¥ 1 0-6 5 0 7 5 
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[04] Jt«ffyiOfc-hS/>^-b5^y^@!8St6 

[0 5] !^«RtfH:ttW20i:-hS/>*f*-i:5Sy 
*0SSSffi£^f 0 1 tcfljS-f &[StH0o 

1 0. 3 0, 5 0 t-hi'>Ztt* : 7$y2iBl&mfc 

11.31,51 m \ 7;l/^-*A« 

12. 3 2. 5 2 ^2 7;l/^->Afi 

13 -fe5 5y*»E 

I 4 t—Yl/y>? 

5 6 te/ufc 



[01] 



10 13 *5ly?&& 

11 JglrA'S-r^AtS 14 

12 *27/l/S-*A« 




[02] 



18 ii?Z??&$L 30 t-hi/>*tf-fe?* y^lejfc&fi: 
14 t-hf>9 31 »l7/U5~*A|fi 
32 827^-^Afit 




[03] 



[04] 



so 




13 t7 5^ifi 

14 fc-hi/>* 

50 t-hi/>fitti>7i?9 



si »ir;K^Afi 

52 $27^;-->Afi 
56 ttA,fi 



\ 



[05] 



\ 




[ffittIB] ¥f£9*P8£7B 
BM^ilE l ] 

MIEttft3§«] 0 0 19 



[00 1 9] <tkK0iJ2>05tcjfx-r«fc3(i:x t-h-> 

>*£*A I S i C3Ra*tmt*»)JB*U fc-h*> 
7 *8A,f£6*rtLT» 1 MS 1 

•b7$7 * ®SS»£ 9 * Jt KW 2 i: US . 
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(?) ftmy 10-6 50 7 5 



[&UB] ¥fiSc9¥8£8H 

MiE^SiS] 0 0 12 

[ffilETfte] 

[*iIIEF*l§] 

[0 0 12] 02i4*?lHfl(7)^2«D*jlStD^^-r <) 

moyBMT'lt, t-Yi/yt 1 4 4"9A 1 ££cDA 1 3$ 
g*<8 0~9 5Sft%T'S^, Ar3CCDfc-[-»^J_ 

±t>mm&%-$tiz>m 1 7;i/5->>Affi3 1 oa i mm 

#9 9. 9 8Sft%W±T*£oT, fc-l-^y? 1 4ff 
g?l 7;l/5-£L.&3 1 lct-hi/>t7±±RUmi 7 
/15.-VL.&3 l^PMtfffi^A 1-S iJkZvtt 

x^A«3 2tt3gl 7;l/5-->Affi3 1 £|a]-*mtc<}: 
S^JiSfefU miRt>*^ 2 7/1/5x^^3 1,32© 
3^<D«WSati±ieA 1 -S 1^3 
•5**K.£t>fT*>n3o t-h->>^j_i4>©A 1 
8 0~9 5li%OA 1 tZ 0~5M%£>S i 

C©A 1 ££<D?g8?&gl3Bt;i 5 6 0~6 0 0T.T- 
&Zo %rcmiRVm27)lS.-'>L>W.3 1, 32(A9 



9. 9 8SS%W±©A 1 H!^(i6 6 01CT*fe 

5o H£A 1 -S i £3-5 #{48 7-8 4gffi%<7)A 1 
t 11-13. 5gfi%<DS i C<D35#«r§ 
ft¥ig&i6HJi 5 3 0-57 0 tT*;&3,> 
m^i§IE2] 

KilEflliJSgS] 0 0 13 
[ffiE££] f£M 

[0013] c(»®t&gM3ozmi&?ziat. 9e?z 

-Y^yl 1 4g>±tCA 1 -S \%*>iVi, £17/1/5 
x?.M£3 1, A 1 -S i %2>bVi, ■byS.-yZW&l 
3s A 1 -S i£35#Rtf?g27/l/5-*A&3 2£ 
«fc3 0 &{CCft?>l;:*5fi0. 5~5kgf/cm^ 

fa*, K£*-t?5 5 o~5 7 oticin^-f^o cntct 

D A 1 — S i 33W^aiL.Tb-h-»» 14^1 
7;U5^>>Affi3 llcmm&MZtiZv Mtc^2 7;V5 
x^.Mg3 2tiX^y?&tc£Dm£<D/^-y<D[s] 
gg££3o &*5, t-h*»t?<D±lCk 1 -S i £3? 
tf, §I2 7/t/ = -'} J Mg£E:taTt><fc<, 
li, Jfl.l 7/l/5x?Affitfx-y?->^c < fcf)f?T5£<D/< 



(72)^b^# mm. W$C 

lf3E»^gmdtSHTlTg297ll«l2 H» 



